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Method of testing electric circuit, and arrangement 

Field 

The invention relates to a method of testing an electric circuit and to 
an arrangement. In particular, the invention relates to a method and an ar- 
rangement applied to an electric circuit of a wireless device of a telecommuni- 
cations system. 

Background 

Reliable, accurate, fast and cost-efficient testing of products is one 
of the corner stones of the modern electronics industry producing electronic 
devices, such as wireless devices of telecommunications systems, in mass 
production. 

The electronic circuits to be tested usually form a network of electric 
components, such as resistors and capacitors. In order to investigate the char- 
acteristics of such a network, a test stimulus is fed into the network, and the 
phase and amplitude of the voltage across the electric components being 
tested are monitored. 

Phase and amplitude measurements, however, require a relatively 
complex and expensive testing instrumentation. Therefore, it is desirable to 
consider improved techniques for testing electric circuits of wireless devices. 

Brief description of the invention 

An object of the invention is to provide an improved method and an 
arrangement implementing the method. According to an aspect of the inven- 
tion, there is provided a method of testing an electric circuit of a wireless de- 
vice of a telecommunications system, the method including: supplying current 
to at least one current path of a network of electric components, the network 
being characterized with a predefined network configuration; measuring effec- 
tive values of node voltages in at least two nodes of the at least one current 
path, a node representing an equipotential point of adjacent electric compo- 
nents; and deriving a characterizing value of at least one electric component of 
the network by using the effective value of the current, the effective values of 
the node voltages, and the predefined network configuration. 

According to a second aspect of the invention, there is provided an 
arrangement for testing an electric circuit of a wireless device of a telecommu- 
nications system, comprising: a current source connected to a network of elec- 
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trie components, the current source for supplying current to at least one current 
path of the network, the network being characterized with a predefined network 
configuration; a measurement unit connected to the network, the measurement 
unit for measuring effective values of node voltages in at least two nodes of the 
at least one current path, a node representing an equipotential point of adja- 
cent electric components; and a processing unit connected to the measure- 
ment unit, the processing unit for deriving a characterizing value of at least one 
electric component of the network by using the effective value of the current, 
the effective values of the node voltages, and the predefined network configu- 
ration. 

According to yet another aspect of the invention, there is provided 
an arrangement for testing an electric circuit of a wireless device of a tele- 
communications system, comprising: means connected to a network of electric 
components, the means for supplying current to at least one current path of the 
network, the network being characterized with a predefined network configura- 
tion; means connected to the network, the means for measuring effective val- 
ues of node voltages in at least two nodes of the at least one current path, a 
node representing an equipotential point of adjacent electric components, and 
means connected to the means for measuring, the means for deriving a char- 
acterizing value of at least one electric component of the network by using the 
value of the current, the effective values of the node voltages, and the prede- 
fined network configuration. 

Preferred embodiments of the invention are described in the de- 
pendent claims. 

The method and system of the invention provide several advan- 
tages. The use of effective node voltages and a priori information on the net- 
work characteristics in deriving the characteristic values of the electric compo- 
nents simplifies the measurement since the relative phase of the current and 
voltage in the current path is not needed. This simplifies the test instrumenta- 
tion and thus, reduces the costs of testing. 

List of drawings 

In the following, the invention will be described in greater detail with 
reference to the preferred embodiments and the accompanying drawings, in 
which 

Figure 1 shows a first example of the arrangement according to em- 
bodiments of the invention; 



Figure 2 shows a second example of the arrangement according to 
embodiments of the invention; 

Figure 3 shows a third example of the arrangement according to 
embodiments of the invention; 

Figure 4 shows an example of a current path; and 

Figure 5 shows methodology used by the arrangement according to 
embodiments of the invention 

Description of embodiments 

Figure 1 shows a network (NW) 100 of electric components (EC1 to 
ECH) 108A, 108B, 108C, 108D. 108E, 108F. 108G, 108H. a current source 
(CS) 102 connected to the network 100, a measurement unit (MU) 104 con- 
nected to the network 100, and a processing unit (PU) 106 connected to the 
measurement unit 104. 

The testing arrangement and the method may be applied for testing 
a wireless device of a telecommunications system, such as GSM (Global Sys- 
tem for Mobile Communications) and UMTS (Universal Mobile Telecommuni- 
cations System). The invention is not, however, restricted to those systems, 
but may be applied to any telecommunications system. 

In testing, the wireless device is typically subjected to a test proce- 
dure, which typically results in a test result. The test results may be used in 
assessing the quality of the wireless device and possibly the rejection of the 
wireless device from entering the market. The test result may also be used in 
calibration, tuning, and maintaining the wireless device. Thus, the term "test- 
ing" may cover production testing, calibration, tuning, and maintenance testing. 

The wireless device may also be called terminal equipment, user 
equipment, a cellular phone, a mobile phone, a mobile terminal, and mobile 
equipment, for example. In a broad sense, the wireless device is a piece of 
equipment capable of communicating with a communication network of a tele- 
communications system by using a radio frequency air interface. The structure 
of the wireless device is known to a person skilled in the art, and in this con- 
text, only details relevant to the present solution are described. 

The electric circuit to be tested may be a portion of a printed board, 
a component on a circuit board, or a portion of an integrated circuit. The pre- 
sent solution is not, however, restricted to the aforementioned circuits, but may 
be applied to any electric circuit used in a wireless device. 
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The exemplified network 100 includes at least two electric compo- 
nents 108A to 108H. In the exemplified network 100, the interconnections be- 
tween the electric components 108A to 108H are shown in order to illustrate 
the complexity of the network, and the connections may vary depending on the 
network configuration. The number of the electric components 108A to 108H in 
the network 1 00 may be arbitrary. 

The network 100 is characterized by a predefined network configu- 
ration. The predefined network configuration typically determines the relative 
positions of the electric components 108A to 108H and the primitive character- 
istics of the electric components 108A to 108H. The primitive characteristics 
define, for example, the type of the electric component 108A to 108H. i.e. 
whether the electric component 108A to 108H has resistive, capacitive, or in- 
ductive characteristics. The primitive characteristics may further include an a 
priori estimate for the characteristic value of the electric component 108A to 
108H. 

The predefined configuration may be used for determining current- 
voltage relations in the electric circuit. The relations may be used for deriving 
the characterizing value of an electric component 108A to 108H. 

An electric component 108A to 108H typically includes an element 
characterized by an electric response, such as a voltage drop between the in- 
put and output connectors of the element, to the current between the connec- 
tors. In an embodiment, the impedance of the electric component 108A to 
108H depends on the frequency of the current. In such a case, the current 
supplied by the current source 102 may be alternating current. In an embodi- 
ment, the current source 102 may be a function generator. 

An electric component 108A to 108H may be placed on an inte- 
grated circuit, which is tested with the test arrangement. An electric component 
108A to 108H may also be a virtual electric component located in the current 
source 102 or in the measurement unit 104. In such a case, the virtual electric 
component may characterize internal characteristics, such as internal resis- 
tance or a related electric property, of the current source 102 and/or in the 
measurement unit 104. 

The characterizing value of an electric component 108A to 108H is 
typically a physical quantity characterizing the response of the electric compo- 
nent 108A to 108B to the current. In an embodiment, the characterizing value 
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is a point in the characterizing l/U curve, wherein U is the voltage and I is the 
current. 

In an embodiment, the electric component 108A to 108H is a dis- 
crete component, such as a resistor, capacitor, coil or their combination. The 
corresponding characterizing value characterizes resistance, capacitance, in- 
ductance, conductance, or in general, impedance of the electric component 
108A to 108H. 

The electric components 108A to 108H form current paths in the 
network 100. A current path includes at least one electric component 108A to 
108H, through which electric current is passed, in an embodiment, a current 
path includes a plurality of electric components 108A to 108H, which form a 
chain-like structure. An electric component 108A to 108H may be part of a sin- 
gle current path only. An electric component 108A to 108H may also belong to 
several current paths. 

With reference to Figure 1 , an exemplified first current path may be 
composed of electric components 108A, 108B, 108C and 108H. A second ex- 
emplified current path may be composed of electric components 108A, 108E, 
108G and 108H. The first and the second current paths may be realized, for 
example, if the network 100 is connected to the current source 102 and the 
measurement unit 104 in the manner shown in Figure 1. In an embodiment, 
current is supplied to a plurality of current paths, and the effective values of the 
node voltages are measured in nodes of the plurality of current paths. The 
characterizing values of the electric components 108A to 108H may result from 
the plurality of the measurements. 

The exemplified network 100 includes nodes 11 OA, 11 OB, HOC, 
HOD, 110E, 11 OF. A node 11 OA to 11 OF represents an equipotential point be- 
tween at least two adjacent electric components 108A to 108H. An equipoten- 
tial point is typically a low-ohmic junction between two electric components 
108A to 108H. A node 11 OA to 11 OF may also be associated with more than 
two adjacent electric components 108A to 108H. In this context, the electric 
characteristics, such as resistance, of the interconnections may be included 
into the characteristics of the electric components 108A to 108H. 

In an embodiment, a node 110A to 110F is located between an 
electric component 108A to 108H and the current source 102. In such a case, 
a node voltage of the electric component 108A to 108H may have the same 
value as the voltage of the output connector of the current source 102. 
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The nodes 1 1 0A to 1 10F provide access points for measuring effec- 
tive voltages across the electric components 108A to 108H. An effective volt- 
age measured from a node 11 OA to 11 OF is an effective node voltage 116A, 
116B, 116C, 116D, 116E, 116F. An effective node voltage 116Ato 116F may 
be a potential difference between a potential measured from the node 11 OA to 
110F and a reference potential. The node voltages 116A to 116F may be de- 
termined by using several reference potentials for different nodes 11 OA to 
11 OF; In this case, however, the potential difference between the reference 
potentials may be used to return the measured node potentials to node volt- 
ages 116Ato 116F. 

The current source 102 is connected to the network 102 and may 
supply current 1 12 to a current path. The current results in node voltages 1 16A 
to 116F in the nodes 110A to 11 OF. The output current 114 from the network 
may be connected to the current source 102 or to an analog ground. The node 
voltages 116A to 116F may vary in time. In an embodiment, the value of cur- 
rent 112 supplied by the current source 102 is the same as the output current 
114 from the network. 

The measurement unit 104 is connected to the network 102 and 
measures effective values for the node voltages 116A to 116F. The measure- 
ment unit 104 provides the effective values of the node voltages 116A to 116F 
and/or information 118 on the effective values to the processing unit 106. The 
measurement unit 104 may be for example, a voltmeter. 

The processing unit 106 may derive a characterizing value for at 
least one electric component 108A to 108H by using the effective value of the 
node voltages, the effective value of the current, and the predefined network 
configuration. 

The effective value of the current 112 may be predefined in the 
processing unit 106. In such a case, the current 112 supplied by the current 
source 102 may be regulated such that the value of the current 112 remains 
within predetermined limits. 

In an embodiment, the measurement unit 104 may measure the ef- 
fective values of node voltages 1 16.A to 1 16F of an electric component 108A to 
108H, which has a known characterizing value, and the processing unit 106 
derives the value of current by using the effective values of the node voltages 
associated with the electric component 108A to 108H, which has the known 
characterizing value, and the known characterizing value. For example, if the 
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electric characteristics, such as resistance, of the electric component 108B are 
known, the current 112 in the current path the electric component 108B be- 
longs to may be derived by using the effective values of the node voltages 
116A and 116B measured from nodes 11 OA and 1108, respectively, the char- 
acterizing value, i.e. the resistance value of the electric component 108B, and 
Ohm's law. In this case, the electric component may be called a sense resistor. 
The current obtained in this way represents the current going through all the 
electric components in this specific current path. The known characterising 
value may be stored in the processing unit 106. 

It is also possible, that the current source 102 reports the applied 
current value to the processing unit 106. The effective value of the current 112 
may also be calculated in the processing unit 106. 

With reference to Figure 2, an exemplified wireless device (WD) 200 
may include a radio frequency (RF) part 202 and a base band part (BB) 204. 
The RF part 202 may include an antenna unit for performing a conversion be- 
tween an electric antenna signal and an electromagnetic field carrying the ra- 
dio frequency signals between the wireless device 200 and the communication 
network. 

The RF part 202 typically includes functionalities associated with ra- 
dio frequency signals. However, the RF part 202 may deal with signals, such 
as control signals, oscillating at low frequencies. 

The RF part 202 may include functional entities including networks 
100 of electric components 108A to 108H, which may be tested according to 
the invention. A phase locked loop and voltage controlled oscillators may be 
considered as examples. It is known to one skilled in the art how to apply the 
present invention to such functional entities. 

A portion of the RF part 202 may be implemented with a radio fre- 
quency integrated circuit, such as RF ASIC (Application Specific Integrated 
Circuit). 

The base band part 204 may include a mixed signal part (MSP) 206 
and a system-on-chip (SOC) 208. The mixed signal part 206 may perform 
tasks both in the digital and the analog domain. 

The system-on-chip 208 may be implemented with a digital signal 
processor (DSP) 210 and memory device 212, such as ROM (Read-Only- 
Memory). The structure and operation of the digital signal processor 210 and 
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those of the memory device 212 are known to one skilled in the art. and only 
details relevant to the invention are disclosed. 

In the exemplified wireless device 200, the network 100 is located in 
the mixed signal part 206. However, the location of the network 100 is not re- 
stricted to the mixed signal part 206, but may be located anywhere in the wire- 
less device 100, where such a network is required. 

With further reference to Figure 2, the test arrangement may include 
a test structure 216 connected to the network 100 for providing access to the 
network 100. The test structure 216 typically enables input and output traffic 
between the network 100 and the external devices, such as the current source 
228 and the measurement unit 230. The test structure may be based on, for 
example, a boundary scan test architecture, such as that defined by standard 
IEEE 1 149.4, "Standard for a Mixed Signal Test Bus". IEEE, USA, 1999, which 
is thereby incorporated by reference. 

Exemplified test structure 216 may include test modules (TM1 to 
TM#N)) 21 8A, 21 8B. 21 8C, 21 8D for providing connection between the net- 
work 100 and a test control unit 220. The number of test modules 218A to 
21 8D may be chosen freely depending on the embodiment and possibly the 
complexity of the network 100. 

In an embodiment, at least a portion of the network 100 and at least 
a portion of the test structure 200 are placed on one and the same integrated 
circuit. For example, some of the test modules 218A to 218D may be placed 
on the same integrated circuit as the electric components 108A to 108H. 

The test modules 218A to 218D may be controlled by a test control 
unit 220, by using a boundary scan path 234, for example. The control in- 
cludes, for example, switching a desired test module 21 8A to 21 8D to a de- 
sired analog test access port (ATAP) 224. 

In an embodiment of the invention, the test structure 200 may be 
connected to the measurement unit 230, and the test structure 200 may be 
configured to access nodes 11 OA to 11 OF of the at least one current path in 
order to measure the effective values of the node voltages 116A to 116F. In 
the exemplified case shovv/n in Figure 2, the nodes 1 1 0A to 1 10F are accessed 
by test modules 21 8C, 21 8D. The test control unit 220 may connect the test 
modules 218C, 218D to a pin of an analog test access port 224, which pin is 
further connected to the measurement unit 230. 
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In an embodiment of the invention, the test structure 200 may be 
connected to the current source 228, and the test structure 200 may be config- 
ured to access the network 100 in order to supply current 112 to the at least 
one current path. In the exemplified case shown in Figure 2, current 112 is 
supplied by the test module 21 8A, and the current circuit is closed by the test 
module 21 SB. The output current 114 may also be conducted to an analog 
ground via the test module 21 SB, for example, and a connection to the current 
source 228 is not necessarily required. The test control unit 220 may connect 
the test modules 21 8A, 21 8B to a pin of an analog test access port 224, which 
is further connected to the current source 228. 

The test arrangement may further include a test controller 226. The 
test controller 226 may control the current source 228 to supply current 1 12 at 
a desired value and at a desired time instant. The test controller 226 may be 
connected to a digital test access port (DTAP) 222 of the standardized bound- 
ary scan test structure 216. 

The test controller 226 may control the measurement unit 230 to 
perform a measurement at a desired voltage range at a desired time instant. 

The test controller may control the processing unit 232 to derive the 
characterizing value of the electric component by using a desired network con- 
figuration. The test controller 226 may provide, for example, information for 
implementing a desired mathematical formula characterizing a value of an 
electric component. 

The test controller 226 may provide routing and switching informa- 
tion for the test control unit 220 so that the test control unit 220 performs rout- 
ing of the current 1 12 from a desired pin of the analog test access port 224 to a 
desired test module 21 8A to 21 8D. Furthermore, the routing and switching in- 
formation may configure the test structure 216 to perform a voltage probing by 
a desired test module 218A to 218D and to connect the test modules 218A to 
21 8D to a desired pin of the analog test access port 224. 

The wireless device may include an internal test controller 214 for 
performing some of the tasks of the test controller 226. The internal test con- 
troller 214 may be connected to the digital test access port 222. 

In an embodiment, the measurement unit 230 is located in the wire- 
less device 200. 

In an embodiment, the current source 228 is located in the wireless 
device 200. 
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In an embodinnent, the processing unit is located in the wireless de- 
vice 200. In such a case, the processing unit 232 may be implemented in the 
internal test controller 214, for example. 

If the measurement unit 230, the current source, and the processing 
unit are located in the wireless device 200, the wireless device 200 may be 
capable of performing a build-in-self testing (BIST). 

Figure 3 shows an exemplified network 300 of electric components 
302A, 302B, 302C. The electric components 302A, 3028, 302C form a delta 
configuration. In the example of Figure 3, the standardized test structure in- 
cludes analog boundary modules (ABM1 to ABM#N) 306A, 306B, 306C, 306D. 
and a test control unit 308. The detailed structure of an analog boundary mod- 
ule is described the IEEE 1149.4 standard. 

The network 300 may be located on an integrated circuit 340. The 
analog boundary modules 306A to 306D may also be located on the same In- 
tegrated circuit 340. 

The exemplified test control unit 308 may include test control cir- 
cuitry 310, which may include a test access port controller, instruction register, 
and a decoder now shown in Figure 3. The test control circuitry 310 is con- 
nected to a test access port 312 and provides digital access from external test 
devices to the analog boundary modules 306A to 306D. 

The test control circuitry 310 may receive a digital test data signal 
314, a digital test mode select signal 318, and a test clock signal 320, commu- 
nicated through a test data input pin (TDI), a test mode select (TMS) pin, and a 
test clock (TCK) pin, respectively, connected to the test controller 226, for ex- 
ample. 

The test control circuitry 310 may output a digital test data output 
signal 316 communicated through a test data output (TDO) pin connected to 
the test controller 226, for example. The detailed structure and the associated 
data protocols of the test control circuitry 310 are found in standard IEEE 
1149.1 "IEEE Standard Test Access Port and Boundary Scan Architecture", 
IEEE USA 2001, which is thereby incorporated by reference. 

The exemplified test control unit 308 may include a test bus inter- 
face circuit 322, which provides an analog access to the analog boundary 
modules 306A to 306D. The test bus interface circuit 322 may be equipped 
with an analog test access port (ATAP) 324 which includes a first analog test 
pin (ATI) and a second analog test pin (AT2) for relaying analog signals be- 
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tween the test bus interface circuit 322 and device, such as the current source 
228 and the measurement unit 230, 

The test control unit 308 may communicate with the analog bound- 
ary modules 306A to 306D through the boundary scan path 328. The test con- 
trol unit 308 may send a control word to the boundary scan path 328, which 
control word configures a desired analog boundary module 306A to 306D to 
switch to a node 304A to 304D, thus connecting the node 304A to 304D to the 
current source 228 or to the measurement unit 230. The test control word may 
be inputted into the test data input pin, for example. 

The test bus interface circuit 322 may be connected to an analog 
boundary module 306A to 306D through an internal analog test bus (AB1/2) 
326. The test bus interface circuit 322 may connect the internal analog test bus 
326 to the analog test access port 324, thus providing a connection from the 
pins ATI and AT2 of the analog test access port 324 to the analog boundary 
module 306A to 306D. 

With reference to Figure 3, let us consider the principles of deter- 
mining characterizing values of electric components 302A to 302C. The meas- 
urement of the effective values of the node voltages may be conducted in two 
steps. 

In the first step, current with effective value h is supplied to node 
304A and the analog ground in the analog boundary modules 306B provide a 
sink for the current 112. In the meantime, node 304D is kept isolated from the 
analog boundary module 306C, Nodes 304A, 304B, and 304C are probed by 
the analog boundary modules 306A, 306D and 306B, respectively. The result- 
ing node voltages are conducted through the test control unit 308 to the meas- 
urement unit 230, wherein the effective values of the node voltages denoted 
Vi, V2, and V3, respectively, are determined. 

In the second step, current with effective value I2 is supplied to the 
node 304B by the analog boundary module 306D. The current sink may be 
provided by the analog ground in the analog boundary module 306C. In this 
step, node 304A is kept isolated. Nodes 304A, 304B, and 304D are probed by 
the analog boundary modules 306A, 306D and 306C, respectively. The result- 
ing node voltages are conducted through the test control unit 308 to the meas- 
urement unit 230, wherein the effective values of the node voltages denoted 
V5. V4, and Ve, respectively, are determined. 
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The measurement unit 230 may output the effective values of the 
node voltages to the processing unit 232, which derives the characterizing val- 
ues of the electric components 302A to 302C. 

In an embodiment, the derivation is performed by calculating the 
characterizing values with a closed-form mathematical expression formed ac- 
cording to the predefined network configuration. The mathematical expression 
may be obtained, for example, by using known voltage-current relationships, 
such as Kirchoff's current and voltage laws, of electric circuits. 

If the electric components are resistive components in the exempli- 
fied delta configuration, the following formulae may be written for the resis- 
tance values: 

^ F2-F3 ^ Vs-Ve ^' 



(F4-F6)/i-(F2-F3)/2 

^ _ {Vx -V3XV4-V6hiV2-V3)(y5-V6) ,3) 
3 {Vi-V3)h-iV5-V6)h 



wherein Ri, R2, and R3 are the values of resistance of the electric components 
302A, 302B, and 302C, respectively. The current values h and I2 may be pro- 
vided by the current source 228 or the test controller 226, for example. It is 
also possible that the current values I1 and I2 are obtained by performing a 
voltage measurement across an electric component with a known characteriz- 
ing value. 

Equations (1) to (3) suggest that the values of R2 and R3 are re- 
quired prior calculating the value for Ri. It is noted, that there may be several 
equivalent sets of equations, which provide similar results Ri, R2, and R3. 
Therefore, the order of the calculation depends on the details in the formula- 
tion. 

A characterizing value X of an electric component may be ex- 
pressed in generic form as 



(4) 
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wherein Vi,..,Vm are the effective node voltages, and f is a frequency of the 
current. 

With reference to Figure 4, an exemplified current path may include 
a sense resistor 402 with resistance value Rs, a switch resistor 404 with resis- 
tance value Rsw, an electric component (EC) 410 with impedance value Zx, 
and a ground resistor 412 with resistance value Rq. 

The current may be supplied to node 414A by using an analog 
boundary module 306A to 306D. 

Nodes 414A, 414B, 414C, 414D may be accessed with analog 
boundary modules 306A to 306D in order to measure the effective values of 
the node voltages Vi, V2, V3, and V4, respectively. 

The value of resistance Rs of the sense resistor 402 is known, and 
therefore, the sense resistor 402 corresponds to an electric component with 
known characterizing value. 

The switch resistor 404 characterizes resistive characteristics of the 
analog boundary modules 306A to 306D, for example, when the analog 
boundary modules 306A to 306D are used in supplying current into the current 
path. Because the same current goes through the components 402, 404, 410 
and 412, the ratio between the voltage across the sense resistor 402 and the 
voltage across the electric component 410 is unaffected by the value Rsw of 
the resistance of the switch resistor 404. The value of resistance Rsw affects 
on the measurements only in the case, where it is several magnitudes higher 
than the values of the resistances Rs and Zx. In this case, the voltages across 
the components 402 and 410 are so small that the limited resolution of the 
voltage measurement decreases the accuracy of the component value deter- 
mination. This special case is left out from the consideration in the exemplary 
case. 

The ground resistor 412 represents the resistance between the 
electric component 410 and the ground, such as that shown in the analog 
boundary module 3068. If the resistance of the ground resistor 412 is negligi- 
ble compared with the value of the real part Zr of the impedance Zx of the elec- 
tric component 410, or if the sum of the value of the resistance of the ground 
resistor 412 and the value of the real part Zr of the impedance Zx is negligible 
compared with the imaginary part Zc of the impedance Zx, the voltage V4 
across the ground resistor 412 may be left out from the consideration. In this 
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example, the voltage V4 across the ground resistor 412 is neglected, and 
therefore, the voltage across the electric component 410 equals V3. 

The exemplified electric component 410 includes a resistor 406 and 
a capacitor 408 in parallel connection. The impedance of the electric compo- 
nent 410 may be expressed as 

Z,- I A, (5) 

wherein co=27if , and A = arctan(- coR^C^ ) . The frequency of the current is de- 
noted f. 

In terms of effective values of node voltages Vi, V2, V3, and V4, the 
impedance Zx may be shown to obey the formula 



2x = 



-sin A 



(6) 



The capacitance value Cx may be obtained from Equation (5), thus yielding 



J 1_ 



(O 



(7) 



By substituting Zx from Equation (6) into Equation (7) we get 



^ -sin^A-. 
J3) 



-sin A 



(8) 



Determination of components of Zx , i.e. Cx and Rx can be per- 
formed in two steps. In the first step, the resistance value Rx is determined 
with DC (direct current) measurement. In the direct current measurement, di- 
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rect current is supplied to the current path, and the resistance Rx may be ob- 
tained from relation 




In the second step, alternating current may be supplied to the cur- 
rent path, and the effective values of Vi, V2, and V3 are measured. The effec- 
tive values of Vi, V2. and V3, the angular frequency co, and the value of Rx may 
be substituted into Equation (8). The value of^ = arctan(-G>i?^C^) may be cal- 
culated by using a priori information of the capacitance Cx. 

With reference to Figure 5, embodiments of the methodology of the 
invention are shown with a flow chart presentation. 

In 500, the method is started. 

In 502, the network 100 is accessed with a standardized boundary 
scan test structure 216 in order to supply current 112 to the at least one cur- 
rent path. 

In 504, current is supplied to at least one current path of the network 
100 of electric components, the network 100 being characterized with a prede- 
fined network configuration. 

In 506, the network 100 is accessed with a standardized boundary 
scan test structure 216 in order to measure the node voltages. 

In 508, the effective values of the node voltages are measured in at 
least two nodes of the at least one current path. 

In 510, the effective values of the node voltages of an electric com- 
ponent, which has a known characterizing value, are measured. 

In 512, the value of current is derived by using the effective values 
of the node voltages of the electric component, which has the known charac- 
terizing value, and the known characterizing value. 

In 514, the characterizing value of at least one electric component of 
the network is derived by using the effective value of current, the effective val- 
ues of the node voltages, and the network configuration. 

In 516, the characterizing value is calculated with a closed-form 
mathematical expression formed according to the predefined network configu- 
ration 

In 518, the method is stopped. 
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Even though the invention is described above with reference to an 
example according to the accompanying drawings, it is clear that the invention 
is not restricted thereto but it can be modified in several ways within the scope 
of the appended claims. 



